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Purpose 

The nurnoss of this technics! not 
Darameters or desrrmtors fnr pvalnaHna fhp prnHibilitv of fine-erained. 
cohesive sediments at open-water disposal sites» 

»javrkgiuuii« 

To establish or manage open-water disposal sites, assessment of the "disper- 
sion" of disposed materials from the site is often required. Dispersion in- 
cludes both the relatively smaii losses of material carried away at the time of 
placement, and the main effect of erosion and transport from the bed under 
the action of waves and currents. The erodibility of fine-grained sediments 
depends on a number of parameters. Erodibility and the correlations between 
erodibility and sediment parameters are both highly variable and difficult to 
predict. Characterization parameters are a way to key in on erodibility. 

This technical note describes tiered laboratory tests which can be applied to 
provide some characterization parameters and, therefore, an indication of the 
erodibility of fine-erained dredsed material. References are Drovided for test 

^ methodology. 

tr P-M contact tne author, Mr. Alien 1 eeter, {60 i.) 634-2820, or the manager of the 
{5 5 c        Dredging Research Program (DRP), Mr. E, Ciark McNair, (601) 634-2070. 
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Oo|        Scope 

S ^ to T^s Js the first of several DRP technical notes on the erodibility of fine- 
0C £J_Q grained, cohesive sediments. The characterizations described herein provide 
fco. a relative, rather than an absolute, gage for sediment erodibility. As such. 
Q 

DTIC QUALITY INSPECTED 4 

US Army Engineer Waterways Experiment Station 
3909 Halis Ferry Road, Vicksburg, MS   39180-6199 

(^T^^-Iö-   I"10 S" 



published values and experience must be used to make the connection be- 
tween sediment characteristics and specific erodibility values. Erodibility 
encompasses the threshold flow conditions for erosion, and the erosion rate 
about the threshold value. 

Erodibilitv characterization is one aspect of an overall study which might 
include bathvmetric, current, wave, and sediment survevs of the site, plus 
possible contaminant screening of the material to be dredged. These study 
methods and their planning are important, but difficult to generalize for all 
situations. Direct methods of assessing sediment dispersion from existing 
sites (including erosion), such as bathymetric and density surveys, will not be 
described, but should be considered. In addition to sediment properties, 
water column conditions, mound formation, slumping, and micro-topog- 
raphy may ail be important to sediment dispersion from a disposal site. 

Characterization provides basic information on the transport behavior of 
the fine-grained sediment (Mehta and others 1989). A suite of tests is re- 
quired because no single parameter can be used to predict transport behavior. 
Erodibility is the main transport process under consideration here. However, 
if the initial dispersion of sediments in suspension is of concern, then certain 
deposition characteristics come into play- Also, in critical situations such as 
those involving contaminated sediments or in sensitive environmental set- 
tings, direct testing of erodibility may be indicated. Therefore,, to cover the ex- 
pected range of study concerns, three levels of characterization are proposed 
here. Characterization tests are described in three sections: basic, extended, 
and complete. Analytical methods will be cited, but details will not be 
presented. 

Basic Sediment Characierization 

The erodibility of fine-grained, cohesive sediments is related tö interparti- 
cle cohesion, and hence on the physicochernical characteristics of the sedi- 
ments and the fluids involved. Cohesive sediments form, electrochemical 
bonds which must be broken before erosion can take place. For field-wet sedi- 
ment samples, the following characterizations are rprnm mended: grain size 
distribution, density or related parameters, cation exchange capacity, and 
total organic content Analytic methods can be found in Plumb (1981). Black 
(1965), and US Army Corps' of Engineers (USACE) (1970). 

Use hydrometer, pipette, or other fine-sediment sizing method to extend 
grain size determination to the silt-clay fraction. Avoid chemical and physi- 
cal alterations to samples. Analyses should be conducted on dispersed sedi- 
ments which have never been dry or lost substantial moisture. 

The erodibility of fine-grained sediments is strongly related to its bulk wet 
density (Teeter 1987). Bulk density should be measured in dredged and in 
situ materials using reliable devices such as nuclear probes, ör gravimetric 
analyses should be performed on representative samples. Sediment density, 
or related parameters such as solids content, is an important indicator of the 
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sediment structure. Proposed power law relationships between solids con- 
tent and erosion threshold have exponents of 2 to 3.5 (generally 2.5). Settled 
sediment aggregates are progressively crusheu uy overuuruen into more com- 
i~»'* ^f rtriörstaHnrse «rifh neater erosion resistance. SXJL\*i.  VJ. J.tAlVCAL4V74-U   VV A LI 1  , 

The ability to exchange positive salt ions, or cation exchange capacity 
(CEC), is a measure of the activitv of the cohesive fraction of the sediment. 
CEC. usually expressed as milliequivalents (meq) per 100 g dry sediment, 
depends on surface charge density and surface area per unit dry weight of 
clays and fine silts. A meq is one-thousandth of a gram-equivalent weight or 
mole. 

Clay content and mineral type are the principal factors affecting CEC. Or- 
ganic matter also affects CEC and is normally removed before analysis. If or- 
ganics are not removed, then the CEC reflects the total material CEC 
provides a measure of the potential interparticle bond strength, depending on 
the ions actually available in the sediment or eroding fluids, and on the 
presence of CöIiOiuai orgames.  i yplcai ranges vi values lor \-BV- v i eeter ana 
Pankow 1989) found in the literature are: 

Mineral Fraction CEC, meq/100 g 

Kaolinite 1-15 
lllite 10-40 
Montmorillonite     " 50-150 
Chlorite 10-40 
Vermiculite 100-150 
Organic fraction of solids 150-500 

In general, the greater the CEC, the more erosion resistant the material 

Characterizations on fluids should include in situ sediment pore fluids and 
the receiving water column, including major cations anu amons, totai sait con- 
tent, pH, temperature, and dissolved oxygen and oxidation/reduction pOten- 
Hal 

Dissolved salts compress the ionic laver surrounding particles. Higher salt 
content makes particle collisions (as from Bro wnian or settling motions) more 
effective at forming interparticle bonds. Maior cations usually include 
sodium (Na+), calcium (Ca++), and magnesium (Mg++). Major anions in- 
clude chloride (C1-) and sulfate (SO4-). ~ 

The ratio of Na+ to other major cations can be used to compute the sodium 
adsorption ratio (SAR): 

rxr A 11 
SAR =  ^^L 

(V6IQH-+] +V4IMG++]}' 
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where the variables inside the square brackets indicate concentration in meq 
per liter. SAR is used to predict when a suspended particle in equilibrium 
with the surrounding fluid will become cohesive. Both SAR and concentra- 
tion of salts in pore fluids have a significant effect on erosion threshold. The 
higher the salt content and lower SAR, the greater the threshold value. Salt 
content and RAR of HIP prnHine fluid also affect erosion threshold. 

The pH and redox potential of a fluid also affect particle surface charge and 
cohesion. Temperature inversely affects interparticle attraction. 

TivfanHo^  Qa/^ttnant '™>T'»:a*,.3ä",f~£Si*Tl7.2f'i fSTi 

A more in-depth characterization of erodibility and an assessment of trans- 
port characteristics involved in deposition can be made by performing the 
basic tests plus the following: mineral composition determination, Theologi- 
cal testing, consolidation testing, and settling testing. Mineral composition 
tests should include both clay and nonclay components. See Black (1965) for 
X~rav diffraction methods of identification. 

Rheolopdoal tearing «raws f-hf» strp<5s-si-rAin rplationships of the material and 
should concentrate on low-shear viscosity and apparent yield stress. Re- 
searchers have related rheologic and erosion properties of fine-grained sedi- 
ments. The Bingham Plastic model can be applied to the data to estimate 
yield stresses at various sediment concentrations. Other models can be used 
to estimate a limiting low-shear viscosity, related to the Bingham yield stress. 

Consolidation testing should identify vertical density profiles as well as set- 
tling rates. Methods are described by USAGE (1970) and Teeter and Pankow 
(1989). Special laboratory testing (CargiJi 1982) will be required if void ratio- 
effective stress relationships are required for consolidation modeling (Poin- 
J _ .L^ Ti—11- 1 /V\/\\ uexier-xwiimg» lyyv). 

Although settling is unrelated to erosion, the dispersion of suspended 
aterial from the disposal site may be an issue that would require estimates ■LJ.IV*. 

of settling rates and critical shear stresses for deposition. The former can be 
determined bv settling tests. Settling rates depend on suspension concentra- 
tions, indicating that a renresentaHve ranp-e should be tested. Native water 
should be used (Teeter and Pankow 1989). 

The critical shear stress for erosion of newly deposited sediments ap- 
proaches the critical shear stress for deposition. Therefore, the critical shear 
stress for deposition can be estimated from the aggregate yield strength ob- 
tained by rheological tests at low suspension concentrations. 
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Complete Sediment Characterization 

Basic and extended characterization tests are recommended before proceed- 
ing with direct laboratory erosion testing. Several erosion processes or 
modes have been previously identified, most involving critical or threshold 
shear stresses, and erosion rate constants of various forms. The first problem 
wiii be to identify the most important erosion mode for the particular situa- 
tion and tö design a test plan accordingly. Erosion modes include: entrain- 
menf, particle, significant particle, mass, and abrasion. 

Static fine-grained suspensions undergo entrainrnent into the flow depend- 
ii\p on local velocih7 and density gradients. Static suspensions are defined as 
havinf no interns rti rip hnnri sfrpnotfi nnr pffprHvp sb-pss. Particle and 512- 
nificant particle erosion modes are bed-surface erosion Dhenomena, Inter- 
particle bonds are disrupted individually or in small groups (respectively) by 
the local applied hydraulic shear stress. Mass erosion occurs if the bed is sub- 
jected to sudden large shear stresses, and the bed fails at some plane below 
the bed surface. Dense clays which can withstand extreme clear-water flows 
can be abraded by saltating sands in much milder flows. 

There are no standard methods for erosion testing. Sediment beds are 
either deposited from suspension or molded into an apparatus for erosion 
testing. If the bed is deposited, a suitable time tor settling, gelling, and con- 

-i: j-i_:__ _,,..,■ i_ soiidauon musi oe anoweu. veiling requires aoout one aay, ana consonaa- 
tion times of a few days to a weeK or two are typicsuy anoweu. 

x LILU-I^ L^XVA   Li^«-i.LkLIW^A ni/iv-a wilt UX^\-UOJ utr^iivii bciotJiL^ mil* ^-vrncai 

msr.t erodibilit" more completely. 
V C ^CUl^ 

Summary 

Characterization of fine-grained, cohesive sediments for erodibility was 
recommended at three levels as follows: 

 Level   Tests  
Basic - sediments grain size 

density or related parameters 
CEC 
iota* organic content 

HUiUiJ 

riYl J-prrmprafrirp 
ST"' r~-—.- , 
dissolved oxveen / redox .... j (J. 

Extended mineralogy 
rheoloev 
consolidation 
settling 

Complete all of the above 
direct erosion observation 
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Conclusions 

Cohesive sediment erodibility varies widely depending on sediment com- 
position, condition, and other factors. Judgments and interpretations of 
reported erodibility values should he based on the important parameters 
presented earlier. 
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